Introduction
Electrospinning is a unique and convenient method for producing nanoscale fibers from both synthetic and natural polymers for a range of applications in biomedical engineering, filtration, protective clothing, catalysis reaction and sensors 1, 2) . The principle of the electrospinning method is quite simple. A high voltage is applied to create electrically charged jets of polymer solutions, which form nanofibers.
These nanofibers are collected on a collector as a nonwoven mat. Recently, a broad range of synthetic polymers and natural biopolymers have been electrospun discretely or mutually for the fabrication of nanofiber mats for a variety of applications [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Zein is the major storage protein of corn and accounts for 40 50% of its protein content; it is -soluble in aqueous alcohol solutions (60 95%). This -agro-based natural polymer has more hydrophobic characteristics than other proteins due to the presence of the apolar amino acids, proline and glutamine, which are the main constituents of zein. Because zein is one of most hydrophobic, low toxic, renewable and biodegradable proteins, it has been used widely in the packaging, food, pharmaceutical, cosmetic and biomedical industries [15] [16] [17] [18] [19] [20] . † Corresponding author. Tel.: +82-53-950-5739; Fax.: +82-53-950-6744; e-mail: jhyeum@knu.ac.kr
In this study, zein nanofiber mats were prepared by electrospinning, using aqueous ethanol solutions as a solvent.
The effects of the ethanol/water ratios on the morphology of the zein nanofiber mats and their wettability were examined by field-emission scanning electron microscopy (FE-SEM) and contact angle measurements.
Experimental

Materials
Zein extracted from corn (molecular weight = 35,000) was obtained from Tokyo Chemical Industry Co. Ltd., Japan and used as received.
Zein could be dispersed readily in 50-95% ethanol /water mixtures as well as in aqueous glacial acetic/alcohol solutions but not in either absolute alcohol or water.
In the present study, the Zein sample used contained mainly -Zein and was soluble in aqueous α 70-90% ethanol solutions at room temperature.
Ethanol (96 % purity, Daejung Chemical & Materials Co. Ltd., Korea) and doubly distilled water were used as the solvent to prepare all solutions.
Electrospinning zein nanofiber mats
To prepare the electrospinning solution, zein were dissolved at different volume ratios of ethanol/water of 9/1, 8/2 and 7/3 (v/v). The zein concentrations used were 20, 25 and 30% based on the weight of the solution. During electrospinning, a high voltage power supply (CHUNGPA EMT Co., Korea) was applied to the electrospinning solution contained in a syringe via an alligator clip attached to the syringe needle. The applied voltage was adjusted to 10 kV. The solution was delivered to the blunt needle tip via a syringe pump to control the solution flow rate. The fibers were collected on an electrically grounded aluminum foil placed at a 15 cm vertical distance to the needle tip. Fig. 1 shows a schematic representation of the electrospinning process.
Characterizations
The morphology of zein nanofiber mats was observed with a FE-SEM (JEOL, model JSM-6380) after the gold coating. The surface wettability of the nanofiber mats was evaluated by contact angle measurements using a DSA100 contact angle meter (Kruss, Germany). The images were recorded on a CCD camera immediately after the water drop had been deposited onto the nanofiber mat surface, and the mean contact angles were determined using Kruss image analysis software. The contact angles were measured at 25 o C and at least ten measurements per mat were performed. To obtain suitable electrospinning conditions for thinner and uniform zein nanofiber mats, a series of experiments were conducted on various volume ratios (v/v) of ethanol/water solutions and different zein concentrations. Fig. 2 shows the typical morphology of the 20, 25 and 30 wt.% of zein solution concentration in 7/3 (v/v) of ethanol/water solutions at a fixed applied voltage (10 kV) and the tip to collector distance (15 cm). At low polymer solution concentrations (20 and 25 wt.%), fibers connected by some beads were found, as shown in Fig. 2a and  2b . As the zein concentration was increased, the bead density decreased gradually.
Results and Discussion
When the zein concentration was 30 wt.% (Fig.  2c) , uniform zein nanofiber mats with no bead defects were observed. A nanometer range of ultrafine electrospun nanofiber mats (300~500 nm) were obtained in the aqueous solutions, as shown in Fig.  2c . As we know these formation of beads and beaded fibers is driven by the surface tension.
Surface tension tries to make the surface area per unit mass smaller, by changing the jets into spheres, the forces from the excess charge try to increase the surface area, which opposes the formation of beads and favors thinner jets; viscoelastic force resists rapid changes in shape. The major competition is between the surface tension and viscoelastic force. Increasing the viscosity favors the formation of smooth fibers 21) . To evaluate the effect of the different volume ratios of ethanol/water in the polymer solution, the ethanol content was varied from 70 to 90 vol.% and the results are shown in Fig. 3 and 4 .
The prepared zein nanofiber mats showed a similar trend of morphological changes. Some beads were found at low polymer solution concentrations but the prepared nanofibers showed a ribbon shape with a larger diameter (Fig. 5) . The appearance of nanofibers was estimated to be related to the selfassembly of the protein during ethanol evaporation. The rapid evaporation of the solvent resulted in circular fibers that were elliptical and then flat, forming a ribbon-like structure.
The water contact angle data, which are indicatives of the wettability of mat surfaces, were obtained at acids proline and glutamin, which are the main constituents of zein. In this study, hydrophobicity of zein was analyzed in terms of structure 20) . A pristine zein film and zein nanofiber mats were characterized through contact angle measurements to determine the hydrophilicity of each nanofiber mat. The water contact angle will increase with increasing surface hydrophobicity. According to Fig. 6 , the contact angle of the electrospun zein nanofiber mats was much higher than the zein film, which was made by a casting method. Ultrafine zein nanofiber mats have a mean initial contact angle of approximately 133°, which is approximately twice as large as that of the zein film (74°). The nanofibrous network structure is believed to help enhance the hydrophobicity because the shape and surface roughness are very important factors in wetting [21] [22] [23] [24] [25] .
Conclusions
The morphology of the electrospun nanofibers can be affected by different volume ratios (v/v) of ethanol/ water solutions and zein concentration. The solvent mixture plays important roles on the electrospinnability of the bulk zein solutions as well as the morphology of the electrospun nanofiber mats.
Uniform zein nanofiber mats with a average diameter in the nanometer-scale (300-500 nm) could be prepared from the 7/3 (v/v) of ethanol/water solution with 30 wt.% of zein. The wettability of the zein nanofiber mat depends on its shape, which showed high hydrophobicity.
